INTRODUCTION
Flood-flow statistics are used in the design of bridges and flood-control structures as well as for floodplain management. It is important for engineers and planners to have access to methods that produce reliable flood-flow statistics for inclusion in the design and implementation of these projects. Regional regression equations as well as any available data from streamflow-gaging stations are used to estimate flood-flow statistics for such projects. Commonly used flood-flow statistics in flood-related projects include the flood flows expected every 10, 25, 50, 100, and 500 years (Q 10 , Q 25 , Q 50 , Q 100 , and Q 500 , respectively). Regression equations for computing flood-flow frequencies for streams in Pennsylvania were last developed by the U.S. Geological Survey (USGS) by use of peak-flow data collected through 1975 (Flippo, 1982) . Analysis of these equations indicated the need to revise the flood-frequency equations by use of the most recent flood-frequency data (Ehlke and Reed, 1999) .
The USGS, in cooperation with the Pennsylvania Department of Transportation (PennDOT), conducted an investigation to develop updated flood-flow regression equations for sites on ungaged reaches of streams in Pennsylvania with drainage areas less than 2,000 mi 2 . Regression equations were developed for Q 10 , Q 25 , Q 50 , Q 100 , and Q 500 on the basis of streamflow records at gaging stations with 10 or more years of record. Basin characteristics used in the development of the regression equations were drainage area, percentage of forest cover, percentage of urban development, percentage of basin underlain by carbonate bedrock, and percentage of basin controlled by lakes, swamps, and reservoirs. The development of the regression equations produced two flood-flow regions; the larger region encompasses most of Pennsylvania with the exception of the northwestern part of the State.
Purpose and Scope
This report presents equations that predict flood frequencies with return intervals of 10, 25, 50, 100, and 500 years for ungaged streams in Pennsylvania. Flood-flow regression equations were developed by use of data from 311 continuous-record and crest-stage partial-record streamflow-gaging stations (creststage stations) on streams in Pennsylvania and 2 in the adjacent states with 10 or more years of peak-flow data generally through water year 1 1997. The spatial distribution of the stations used in the development of the equations is shown in figure 1 . The spatial distribution of the streamflow-gaging stations represents most of the various flow conditions and geology found throughout Pennsylvania. Although no major regions are ungaged, only a few streamflow-gaging stations were available in the south central and northeastern parts of the State ( fig. 1 ).
Previous Investigations
Equations that could be used to predict flood frequencies for ungaged streams in Pennsylvania were presented by Flippo in 1982. These equations were an updated form of previously published regression equations by Flippo (1977) . The flood-flow regression equations published in 1982 were evaluated by Ehlke and Reed (1999) on the basis of a comparison between flood frequencies calculated from the regression equations and peak-flow data collected through the 1996 water year. This comparison found significant variation among flood-frequency statistics computed from the equations developed by Flippo (1982) and peak-flow data, indicating that a revised or an updated version of these equations was warranted.
DEVELOPMENT OF FLOOD-FREQUENCY PREDICTION EQUATIONS
Flood-frequency statistics were computed for all active and discontinued streamflow-gaging stations in Pennsylvania with at least 10 years of peak-flow data by use of methods described in Water Resource Council Bulletin 17B (Water Resources Council, Hydrology Committee, 1981) . Drainage area and basin characteristics were tabulated for each station with flood-frequency data. Regression equations for predicting flood discharges were developed by weighting each data set with the number of years of peakflow data collected at the station. Following the first analysis, which included the entire State, departures of predicted to observed flood frequencies were used to divide the State into regions and the development of the regression equations was repeated on a regional basis.
Description of Stations Used
Peak-flow data from 313 continuous-record and crest-stage stations with 10 or more years of record within Pennsylvania and the surrounding states were used in the development of the regression equations. Some of these streamflow-gaging stations have a combined operational history that includes a period when the station was operated as a continuous-record station and another period when it was operated as a crest-stage station. Only stations with drainage areas less than 2,000 mi 2 were used. Rivers with drainage areas greater than 2,000 mi 2 generally have an adequate number of streamflow-gaging stations to represent all reaches of the river and have long periods of record to include the various flood conditions. Flood-frequency statistics were computed using all available peak-flow data, generally through water year 1997, as described in Water Resources Council Bulletin 17B (Water Resources Council, Hydrology Committee, 1981) . Five stations with short periods of record were greatly affected by Hurricane Floyd in the fall of 1999. Because of this significant rainfall event, flood frequencies for these stations were computed using data through water year 1999.
For most streamflow-gaging stations, the length of record was the period from the start of record to the year flood frequencies were computed, or to the year the station was discontinued. Several stations were operated before and after construction of large flood-control projects and these stations were assigned two periods of record, one before and one after construction of the flood-control project. As an example, the station on the Lackawaxen River at Hawley (01431500) was operated before and after construction of two large flood-control reservoirs, which increased the percentage of basin controlled by lakes, swamps, and reservoirs by 32 percent. Construction of the flood-control reservoirs affected the flood frequency and two flood-frequency analyses were computed, one for before and one for after construction.
Period of record used in analysis for stations that have a gap in operational history was determined by the total number of years the station was actually in operation. However, if a peak flow was determined prior to the start of a station, which is coded as an historical peak, the total number of years from the historical peak to the end of record are included in the period of record used in analysis, which would include the period the station was not operating (Water Resources Council, Hydrology Committee, 1981) . This situation affects a small number of stations used in the analysis and usually adds only a few years to the period of record used in analysis. For example, station 01543500, Sinnemahoning Creek at Sinnemahoning, was started in 1939, but because an historical peak was recorded in 1936, the period of record used in analysis includes the period between 1936 and 1939 that the station was not in operation.
Basin Characteristics Used in Equation Development
The basin characteristics used to develop the regression equations are drainage area, percentage of forest cover, percentage of urban development, percentage of basin underlain by carbonate bedrock, and percentage of basin controlled by lakes, swamps, and reservoirs. These basin characteristics are known to affect flood flow. The basin characteristics for all streamflow-gaging stations used in the development of the regression equations are listed in Appendix 1.
Other basin characteristics considered for use in the equations include channel slope and precipitation index, two factors previously included in equations developed by Flippo (1982) . Channel slope was found to be significant for Flippo's equations in only 1 region out of 10 regions, and that region was developed entirely from New York stations (Flippo, 1977 (Flippo, , 1982 . Because of these findings, channel slope was not included in the development of the present equations. A precipitation factor was not included in the development of the equations because of a report by Reich and Jackson (1971) that found that estimates of the 100-year flood were not improved with the inclusion of rainfall statistics.
Drainage area
Drainage areas for each of the streamflow-gaging stations were determined at the time the stations were established, and most drainage areas were checked by use of the most recent topographic maps available. These drainage areas are found in USGS Water-Resources Data Reports for the 1997 water year (Durlin and Schaffstall, 1998a; Durlin and Schaffstall, 1998b; Coll and Siwicki, 1998) . Drainage area for ungaged sites can be determined from the most recent topographic maps.
Percentage of forest cover
Percentage of forest cover in the drainage basin upstream of each streamflow-gaging station was determined from land-use data by use of Geographic Information Systems (GIS) methods (U.S. Geological Survey, 1996) or from topographic maps. Values for percentage of forest cover in basins upstream of streamflow-gaging stations still in operation and for streamflow-gaging stations recently discontinued were determined from current land-use data.
Percentage of forest cover upstream of streamflow-gaging stations discontinued prior to about 1960 were determined from land-use data shown on 15-minute topographic maps produced from about 1920 to about 1940. Not all 15-minute maps showed forest cover and estimates were made by use of 15-minute maps of adjacent areas with similar topography or the oldest available 7.5-minute maps that showed forest cover.
Percentage of urban development
Percentage of urban development in the drainage basin upstream of a streamflow-gaging station was determined using the same methods used to determine percentage of forest cover. Percentage of urban development was calculated as the land classified as low-intensity developed plus the land classified as high-intensity residential, and the land classified as high-intensity commercial/industrial (U.S. Geological Survey, 1996) . Percentage of urban development in basins in which the streamflow-gaging station was discontinued prior to about 1960 was determined from 15-minute topographic maps much the same as was done for percentage of forest cover.
Percentage of basin underlain by carbonate rock
Percentage of the basin underlain by carbonate rock was computed by use of GIS methods (Environmental Resources Research Institute, 1996) . All calculations were made by use of GIS methods except for a few streamflow-gaging stations in which the percentage carbonate bedrock in the basin was obtained from Aron and Kibler (1981) . Although not intended for determination of the carbonate bedrock variable needed for input into the equations, figure 2 shows the areas underlain by carbonate bedrock for the State.
Percentage of basin with controlled by lakes, swamps, and reservoirs
Percentage of drainage basin with streamflow controlled, or attenuated, by lakes, swamps, and reservoirs was computed by use of the technique recommended by Aron and Kibler (1981) . The technique is based on two assumptions. The first assumption is that the temporary storage of 2.4 in. of runoff from the area upstream of a lake, swamp, or reservoir can reduce flooding from storms that would, in an uncontrolled basin, produce a flood with a recurrence interval of 100 years. The second assumption is that the water-surface elevation in most unregulated lakes, swamps, and reservoirs will increase 24 in. during a storm that would cause a flood with a recurrence interval of 100 years. Combining these assumptions into an example, the water-surface elevation of an unregulated lake, swamp, or reservoir can increase 24 in. during a large storm. As a result, a 10-acre lake, swamp, or reservoir can store 20 acre-feet of runoff, enough storage to control the 100-year flood from a drainage area of 100 acres. If the drainage area above the 10-acre lake or reservoir or swamp is larger than 100 acres, the percentage of the drainage area that is controlled can be calculated by dividing 100 acres, the controlled area, by the total area in the basin.
To summarize, if the area of a watershed above a lake, swamp, or reservoir is more than 10 times the surface area of the lake, swamp, or reservoir, the controlled area becomes the surface area multiplied by 10. If the drainage area above the lake, swamp, or reservoir is smaller than 10 times the surface area of the lake, swamp, or reservoir, the controlled area is equal to the drainage area above the lake, swamp, or reservoir. A careful evaluation of streams with multiple lakes or swamps is required because double counting of controlled areas must be avoided. Reservoirs built especially for flood control are assumed to control the entire upstream basin for a flood with a recurrence interval of 100 years. The surface area of lakes, swamps, and reservoirs, which determines the percentage of basin controlled by lakes, swamps, and reservoirs, is determined from the most recent topographic maps.
As an example, a site on Middle Creek, at latitude 40°12'36" and longitude 76°15'05", has an upstream reservoir with a surface area of 0.55 mi 2 . The drainage area at the reservoir is 7.59 mi 2 , and the drainage area at the site is 23.3 mi 2 . Because the reservoir is not a flood-control reservoir and the drainage area at the reservoir is greater than 10 times the surface area of the reservoir, the area controlled by the reservoir is 5.5 mi 2 (10 times the surface area of the reservoir). The percentage of the basin controlled by lakes, swamps, and reservoirs is 24 percent. 
Regression Analysis and Resultant Equations
The regression equations were developed by use of a multiple linear regression model from MathSoft, Inc. statistics package S-Plus4. The flood-frequency discharges calculated for each streamflow-gaging station were weighted as per the number of years in operation. In order to form a near linear relation between differences in flood flow and differences in land use, all percentages were converted to the form [1.0 + 0.01(percent of basin characteristic)] before the regression equations were developed.
A review of the records indicated most of the largest floods in the eastern part of the State occurred during the summer and fall; most of the largest floods in the northwestern part of the State occurred in the winter and spring. For example, the five largest floods on the Perkiomen Creek at Graterford, Pa. (station number 01473000, latitude 40°13'46", longitude 75°27'07") occurred, from largest to smallest, on July 7, 1935; August 23, 1933; June 2, 1946; August 9, 1942; and November 25, 1950;  on Brokenstraw Creek at Youngsville, Pa. (station number 03015500, latitude 41°51'09", longitude 79°19'03"), a similar station in both drainage area and period of record, the five largest floods occurred on March 25, 1913; April 5, 1947; March 22, 1948; January 22, 1959; and January 19, 1996 . Serious flooding from tropical storms in the summer and fall months is more common in the central and eastern part of the State.
An evaluation of the residuals from the initial regression analysis for 100-year recurrence interval floods for the entire State indicated that the northwestern part of the State, including the headwaters of the Allegheny River and the basins of Brokenstraw Creek, French Creek, Clarion River, Beaver Creek, Redbank Creek, and Mahoning Creek, had consistently smaller flood flows (resulting in large negative residuals) than streams in the rest of the State. These findings support the seasonal flooding differences discussed previously.
Because flooding in the northwestern part of the State does not appear to be related to flooding in the rest of the State, Pennsylvania was divided into two flood-flow regions, Region A and Region B ( fig. 3 ). Region A includes about 78 percent of the State. Region B encompasses the northwestern corner, about 22 percent of the State. Regression equations to predict the 10, 25, 50, 100, and 500-year floods were then computed for Regions A and B. The basin characteristic coefficients and their residual standard error and coefficient of determination (R 2 ) are shown in table 1. The residual standard error provides a rough estimate of reliability of the predicted discharges and R 2 is a measure of the percentage of variance explained by regression (Helsel and Hirsch, 1997) . The R 2 values range from 0.93 to 0.82 for Region A and 0.96 to 0.89 for Region B (table 1). The residual standard errors have some effect from the weighting and should not be directly compared to standard errors from a non-weighted analysis (Freund and Littell, 1986) . The calculated Q 10 , Q 25 , Q 50 , Q 100 , and Q 500 from streamflow-gage data and regression equations are listed in Appendix 2 for all streamflow-gaging stations used in the development of the regression equations.
The regression model took the form: Regression equations for Region A have five variables: drainage area, percentage of forest cover, percentage of urban development, percentage of basin underlain by carbonate bedrock, and percentage of basin controlled by lakes, swamps, and reservoirs and were developed from 270 streamflow-gaging station records. All variables were significant predictors for the 10, 25, 50, 100, and 500-year floods at a 95-percent confidence level except percentage urban; percentage urban lost significance with the 100 and 500-year flood levels but was kept as a variable in the 100 and 500-year equations to provide consistency. With larger floods, the amount of runoff due to urban areas does not influence the peak flood as much as in smaller floods. If a 5-mi 2 basin that was 30 percent forest cover with no carbonate area, no urban area, and no controlled area was developed and percentage urban area increased 30 percent, the 10-year flood would increase 31 percent but the 500-year flood would increase only 1 percent. In smaller floods the runoff from pavement and roofs in urban areas makes up a substantial part of the peak, however, with larger floods, unpaved areas become saturated and additional precipitation produces substantial runoff from both paved and unpaved areas. A comparison between the Q 100 computed from streamflow-gage data and regression equations for Region A is shown in figure 4.
Regression equations for Region B were developed from 54 streamflow-gaging station records and have 2 variables, drainage area and the percentage of basin controlled by lakes, swamps, and reservoirs. The area of the State that comprises Region B does not contain any carbonate rocks (figs. 2 and 3). The percentage urban area is consistently low for streamflow-gaging stations in Region B, without enough stations with high percentage urban areas to produce meaningful results.
2 Percentage forest was not a significant variable and was dropped from the analysis. The comparison between the Q 100 computed from streamflow-gage data and regression equations for Region B is shown in figure 5 . 2 When the percentage of urban area in a basin was included in the model for Region B, the regression coefficient was -6.20, indicating a large reduction in the 100-year peak flow when going from an undeveloped to a fully developed basin. A t-test on signed-ranks was used to determine if the results from the regression equations were significantly different than the flood frequencies computed from streamflow-gaging-station data (Helsel and Hirsch, 1997) . This analysis was done using a 95-percent confidence level. The results of the t-test on signed-ranks showed that there was no significant difference between the flood frequencies predicted from regression equations and those predicted from streamflow-gaging-station data.
Just as a streamflow-gaging station has a period of record that should be taken under consideration when computing flood frequencies from the data for that station, the regression equations each have an equivalent years of record that should be taken under consideration when using the equations to compute flood frequencies. The equivalent years of record for the regression equations are computed from a factor on the basis of the skew coefficient of the population of annual peaks at individual stations used in the development of the regression equations, the standard deviation of the logs of the annual events at the individual stations used in the development of the regression equations, and the standard error of prediction of the regression equations. This methodology is presented by Hardison (1971) . The equivalent years of record for all the regression equations are shown in table 2. The Q 100 equation developed for Region A is comparable to a streamflow-gaging station that has been in operation for 10 years. The equivalent period of record for Regions A and B range from 5 to 16 years (table 2). Table 2 . Equivalent period of record for regression equations developed for predicting flood recurrence intervals in Pennsylvania 
LIMITATIONS OF REGRESSION EQUATIONS
Several situations can limit the use of the regression equations presented for Regions A and B. The equations should not be used if the drainage area is less than 1.5 mi 2 or greater than 2,000 mi 2 . The equations presented for Region B should not be used to predict flood flows from basins with more than 5 percent urban development because the largest percentage urban development in the data used to develop the equations was 4.5 percent. Because the equations for Region B do not include a variable for percentage of urban development, the equations do not incorporate the increased flooding that is likely to be associated with urban areas. A summary of the range of variables used to develop the regression equations for Regions A and B is presented in table 3.
The equations should not be used to predict flood flows if streamflow at the site of interest is significantly affected by an upstream flood-control reservoir. The streamflow-gaging stations that were not used to develop the regression model are listed in table 4, along with the associated controlled area and flood frequencies computed from streamflow data. The 500-year flood is not listed in table 4 because the storage capacity for some flood-control reservoirs may not be sufficient to store all the runoff that contributes to the 500-year flood. The equations can be used to compute flood flows from basins that contain lakes, swamps, and non-flood-control reservoirs, provided the controlled area is computed and input to the regression equation.
The regression equations should not be used downstream of areas that have or have had significant surface mining in the past. The streamflow-gaging stations that were not used to develop the regression model due to extensive upstream surface mining are listed in table 5. Flood frequencies computed from streamflow-gaging-station data using the entire period of record are reported by Ehlke and Reed (1999) . Extensive surface mining tends to reduce peak flood flows (Growitz and others, 1983) . Reduced flooding due to surface mining is most likely caused by increased permeability into the fractured rock and into underground voids. Computed from streamflow-gagingstation data
TECHNIQUES FOR ESTIMATING MAGNITUDE AND FREQUENCY OF PEAK FLOWS
Four methods for computing flood-flow frequency discharges are discussed below and are dependent on the location of the site: 1) not near a streamflow-gaging station, 2) at a streamflow-gaging station, 3) near a streamflow-gaging station, and 4) between two streamflow-gaging stations. The regression equations presented in this report are used if the site of interest is not near a streamflow-gaging station.
Not near a streamflow-gaging station
If the site is not near a streamflow-gaging station, the appropriate flood-frequency regression equation is used to compute the discharge.
Example 1. Not near a streamflow-gaging station
Calculate the 100-year flood frequency by use of the appropriate regional regression equation for an ungaged site on Middle Creek at latitude 40°12'36" and longitude 76°15'05". The drainage area is 23.3 mi 2 , percentage of forest cover area is 58 percent, percentage of urban development is 1.8 percent, percentage of carbonate bedrock in the basin is 8.4 percent, and percentage of streamflow controlled by lakes, swamps, and reservoirs is 24 percent (computed previously).
1. From figure 2 and the latitude and longitude, the site is in region A. 
At a streamflow-gaging station
When the site of interest is at a streamflow-gaging station, a weighting method is recommended by Flippo (1977) , Choquette (1987), and Water Resources Council, Hydrology Committee (1981) . Because peak-flow data reported for a streamflow-gaging station represents a specific time span, flood-frequency values computed from streamflow-gaging-station data may contain some bias. The period of record for the 1936, 1955, 1972, 1977, and 1996 . Inclusion of several large floods, or lack of any large floods, can change flood-frequency values for streamflow-gaging stations, especially those with short periods of record. Consequently, the flood-frequency discharge computed from streamflow data is weighted with the flood-frequency discharges computed from regression equations on the basis of number of years in operation for the streamflow-gaging station and equivalent period of record for the regression equations.
To use this method, the streamflow-gaging station should have at least 10 years of operation.
To obtain a weighted flood frequency for a site at a streamflow-gaging station, the flood frequency for the station is multiplied by the years of record at the station (N), and the flood frequency computed from the appropriate regional regression equation is multiplied by the equivalent years of record (NE) for the regression equation from table 2. The two values are then added and divided by the sum of the years of record to obtain a weighted flood frequency for the stream at the streamflow-gaging station. This equation is shown below:
where WtdQ T is the weighted discharge for return intervals T-years; Q T(G) is the T-year discharge computed from streamflow data, in cubic feet per second; Q T(R) is the T-year discharge computed from regression equations, in cubic feet per second; N is the number of years of record at streamflow-gaging station; and NE is the equivalent years of record for regional regression equations from table 2.
Example 2. At a streamflow-gaging station
Calculate the weighted flood frequency for streamflow-gaging station 01452300 on East Branch Monocacy Creek near Bath, Pa., at latitude 40°43'10" and longitude 75°22'10". The drainage area is 5.35 mi 2 , percentage of forest cover area is 26 percent, percentage of urban development is 4.0 percent, percentage carbonate bedrock in the basin is 4.0 percent, and 7.5 percent of the basin is controlled by lakes, swamps, and reservoirs. The station was operated from 1963 to 1968 as a continuous-record station and 1969 to 1980 as a crest-stage station, for a total of 18 years. The reported Q 100 determined from streamflow data is 1,540 ft 3 /s.
1. The Q 100 computed from regional regression equations is 2,260 ft 3 /s (see Example 1 for setup) and from table 2, the equivalent years of record for the regression equation is 10 years.
Substituting the discharges and number of years into equation 2 produces:
WtdQ 100 = (1,540*18 + 2,260*10)/(18+10) WtdQ 100 = 1,800 ft 3 /s
Near a streamflow-gaging station on the same stream
Once a weighted flood frequency has been computed for the streamflow-gaging station, the flood frequency can be applied to nearby sites within 0.5 to 1.5 times the drainage area of the streamflow-gaging station, provided there is no significant change in land use or hydrologic conditions between the ungaged site and streamflow-gaging station. This methodology is presented by Choquette (1987) for the state of Kentucky and is cited as an acceptable transfer technique by the Federal Emergency Management Agency (FEMA) (1995).
This method translates the weighted streamflow-gaging station flood discharges to the ungaged site of interest by the use of a linear correction factor for the difference in drainage areas between the gaged and ungaged sites. As the drainage area of the ungaged site nears either 0.5 or 1.5 times the drainage area of the gaged site, the translated flood frequency nears the result of the regression equation. Using this method prevents large changes in flood frequencies when going from a gage-regression weighted value to
a regression equation value. The equation to calculate this translated flood frequency is shown below:
where C u is the correction factor for the ungaged site; C g is the weighted flood frequency for the gaged site (from equation 2) divided by the regression estimate of flood frequency for the gaged site; DA g is the drainage area at the streamflow gage, in square miles; and DA u is the drainage area at the ungaged site, in square miles.
Example 3. Near a streamflow-gaging station on the same stream
Calculate the Q 100 for an ungaged site on West Branch Clarion Creek at a latitude 41°29'55" and longitude 78°40'52". The drainage area for the ungaged site is 85.4 mi 2 . There is an upstream streamflow-gaging station at Wilcox (station number 03028000) at a latitude 41°34'45" and longitude 78°41'22". The streamflow-gaging station has 43 years of operational history and a drainage area of 63.0 mi 2 . Neither site has any controlled area. The Q 100 computed from streamflow-gage data for the streamflow-gaging station is 7,410 ft 3 /s.
1. From the latitude and longitude and figure 2, both sites are in Region B.
2. Substituting the basin characteristics into the regression equations for Region B for the ungaged site produces: 
Between two streamflow-gaging stations
If the ungaged site of interest is between two streamflow-gaging stations and within 0.5 to 1.5 times both drainage areas (an upstream streamflow gage A and a downstream streamflow gage B), weighted discharge data should be computed for each streamflow gage and moved from the streamflow gages to the ungaged site of interest (C). The moved data should then be weighted proportional to the ratio of drainage
areas between the site and the two streamflow gages. The equation for weighting the transferred data at the ungaged site is shown below.
(4) where Q T(C) is the final weighted discharge at ungaged site C, in cubic feet per second; Q T(AC) is the weighted and moved discharge from upstream streamflow-gaging station (gage A), in cubic feet per second; Q T(BC) is the weighted and moved discharge from downstream streamflow-gaging station (gage B), in cubic feet per second; DA A is the drainage area of the upstream streamflow gage A; DA B is the drainage area of the downstream streamflow gage B; and DA C is the drainage area of ungaged site C. Q T(C) = 12,500 ft 3 /s
SUMMARY AND CONCLUSIONS
Regression equations for estimating the magnitude and frequency of floods on ungaged streams in Pennsylvania were developed on the basis of peak-flow data collected at 313 streamflow-gaging stations. All stations used in the development of the equations had 10 or more years of peak-flow record and were either continuous-record or crest-stage stations. The equations were developed by dividing the State into two flood-frequency regions, A and B. Region A generally is east and south of the Allegheny and Ohio Rivers and region B generally is north and west of the Allegheny and Ohio Rivers. The reason for the division was due to differing seasonal flooding that resulted in the initial run of the regression model overestimating flood discharges in the northwestern part of the State. Equations were developed for flood flows expected every 10, 25, 50, 100, and 500 years by the use of a weighted multiple linear regression model. The regression equations were based on five variables-drainage area, percentage of forest cover, percentage of urban development, percentage of basin underlain by carbonate rock, and percentage of basin controlled by lakes, swamps, and reservoirs.
The regression equations developed for Region A produced residual standard errors that ranged from 0.18 to 0.27; for Region B, the standard errors ranged from 0.12 to 0.19. The R 2 values ranged from 0.93 to 0.82 for Region A and 0.96 to 0.89 for Region B. The equations should only be used if the drainage area is between 1.5 and 2,000 mi 2 . The equations should not be used to estimate flood flows immediately below flood-control reservoirs, of for stream with upstream significant current or past surface-mining activity. The equations developed for Region B should not be used if the basin has more than 5 percent urban development. 
APPENDIXES

